The experiment was carried out in two periods, growing and laying, on 300 eight-week-old pullets (Shaver Starcross 579 strain). In the growing period (8-18 weeks of age) five iso-caloric diets were used: controls containing normal maize and fish meal, with 16% CP (NM1) or 14% CP (NM2); three experimental in which normal maize was replaced by quality protein maize, with 16, 15 or 14% CP, QPM1, QPM2 or QPM3, respectively. In the laying period similar diets were used, but with lower CP contents: 15, 13, 15, 14 and 13%, respectively.
INTRODUCTION
Normal maize supplies up to a third or more of the crude protein content of chicken diets (Schaible, 1970) . On the other hand, maize is low in protein in addition to its general deficiency in essential amino acids, particularly lysine and tryptophan (NRC, 1988) . Thus, the feeding normal maize necessitates the use of expensive protein supplements, including fish meal and soyabean meal. Quality protein maize, a derivative of opaque-2 maize, was originally developed at the International Maize and Wheat Improvement Center (CIMMYT) in Mexico. Nutritional evaluation of quality protein maize (QPM) in various locations has proved the superiority of QPM over normal maize in the feeding of rats (Sproule et al., 1988) , pigs Okai et al., 1994) , broiler and layer chickens (Bond et al., 1991; Liu et al., 1993) .
Quality protein maize was released in Ghana in the early 1990s by the Crops Research Institute, Kumasi. However, it has not been critically evaluated as a feed ingredient for layers. Osei et al. (1994) have shown, however, that QPM is superior to normal maize when used either as the sole source of protein and amino acids or in balanced diets for broiler chickens.
This trial was undertaken to study the feeding value of QPM in comparison with normal maize in diets for grower and layer chickens.
MATERIAL AND METHODS
The normal and quality protein maize used in the trials were purchased from certified seed growers from various locations in Ghana. They were chemically analyzed for their approximate and amino acid compositions by conventional methods (AOAC, 1984) .
The trial was conducted in two phases: a grower phase from 8 to 18 weeks and a layer phase from week 19 to week 51. In the grower trial, three hundred 8-weekold Shaver Starcross 579 chickens obtained from Pomadze Poultry Enterprises Ltd., Winneba, Ghana, were randomly divided into five dietary treatments in equal numbers as shown in Table 1 . Each treatment had four replicates. The control diet, NM1 was composed largely of normal maize (NM) and fish meal to provide a crude protein content of 16% (NRC, 1994) . Three other diets were formulated in which QPM replaced normal maize, denoted as QPM1, QPM2 and QPM3 and containing respectively 16,15 and 14% crude protein. The fifth diet also contained normal maize (NM2), with a protein level of 14%. For the layer trial, all the birds from the grower phase were combined together at the end of the 18th week and then subsequently randomly re-allocated in equal numbers among five layer dietary treatments as shown in Table 2 .
During both phases, an increase in the use of QPM was coupled with a reduction in the incorporation of fish meal. The diets were formulated to be largely isocaloric with only slight differences in metabolizable energy contents (Tables 1 and 2 ). The birds were housed in raised wire-floor coops providing a floor space per bird of approximately 0.14 m 2 . Feed and water were provided ad libitum throughout the trials. Data were collected for feed intake, body weight changes, feed conversion ratio, egg production, egg weight, internal egg quality or Haugh unit, egg shell thickness, and mortality. In addition, the economics of production were calculated for each treatment. All data were subjected to analysis of variance while significant (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
The approximate and essential amino acid compositions of QPM and normal maize are presented in Table 3 . The approximate composition of QPM was similar to that of normal maize, although QPM tended to have higher levels of crude protein, ether extract, crude fibre and gross energy. Similar observations have been made by Burgoon et al. (1992) , Ahenkora et al. (1994) and Martinez et al. (1996) . The amino acid profiles show that of the five critical amino acids, QPM had higher levels of arginine (+25%), cystine (+35%), tryptophan (+33%) and lysine (+33%) than normal maize, while the level of methionine in QPM was 5% less than in normal maize. In addition, the ratio of leucine to isoleucine was lower in QPM than in normal maize (3.0:1 vs 3.47:1 respectively). Earlier studies have provided similar data Zarkadas et al., 1995) .
Data on the performance of growing pullets is summarized in Table 4 . The initial body weights did not differ among the treatments. However, birds receiving the QPM1 diet with 16% crude protein grew faster and gained weight more rapidly than all the others although the differences were not significant when compared with counterparts on NM1, QPM2 and QPM3. Subsucan et al. (1990) and Liu et al. (1993) similarly found no significant differences in growth rates of birds fed either normal maize or QPM provided that they had comparable amino acid profiles. On the other hand, growth and gain were significantly depressed in birds fed on the second normal maize diet (NM2) containing 14% protein (P< 0.01). The depressed growth of the low-protein normal maize birds (NM2) was probably due to the limiting levels of lysine (Harms and Waldroup, 1963) . In this trial the lysine level in NM2 was only 0.45 % of the diet compared to the NRC (1994) recommended value of 0.60%. There were no significant dietary treatment effects on average daily feed intake or on mortality (P >0.05). Birds on diet NM2 tended to consume more feed, however. On the other hand the efficiency of feed conversion was severely depressed when birds were fed the second NM diet with only 14% crude protein (P<0.01). Cromwell et al. (1967) and Chi and Speers (1973) similarly reported significantly depressed feed conversion efficiencies for chickens fed on normal maize compared with counterparts receiving opaque-2 maize.
The results of the grower phase suggest that when QPM is added to pullet diets, the protein level can be reduced to 14% without any adverse effects on their performance. In comparison, when normal maize is used, performance is lowered. Sullivan et al. (1989) have attributed the superiority of quality protein maize to its higher content of lysine and tryptophan and its better amino acid balance.
The addition of QPM to layer diets had no significant effects on daily feed intake, feed-to-egg ratio, age at 5% hen-day production, egg weight, Haugh unit score, or shell thickness (Table 5 ). There were, however, significant differences in the ages at first egg (PO.01), 50% production (P<0.05) and hen-day and hen- housed production (PO.OO 1). In all cases, the diets with 13% crude protein (QPM3 and NM2) showed significantly poorer values although the differences between them were not significant. Similarly, the birds on QPM3 and NM2 tended to have increased mortality largely due to cannibalism. A look at the two diets indicates that with a reduction in fish meal incorporation to below 5% there were drastic reductions in essential amino acids relative to the other treatments, and deficiencies of arginine, leucine, isoleucine, lysine and methionine were evident (Table 2 ). There were, in addition, slight reductions in calcium and available phosphorus levels, but they all fell within the range of daily requirements and the calcium:phosphorus ratios were within the recommendations (NRC, 1994) . It was more economical to use diets incorporating quality protein maize (Table 5 ) due largely to the progressive reductions in the use of fish meal and the attendant savings in costs. Fish meal cost four times as much as maize per kilogram at the time of the experiment.
The results from these studies indicate that quality protein maize can be used in layer chicken diets to cut down on the use of fish meal and result in considerable financial benefits without sacrificing performance.
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